nr* 

IlG 

IE ASSEMBLY 


jar-8^6-733 




Release 2^)3/01/17 : CIA-RDR75B00285R000400090001-8 


• STAT 




/ fm j a/ ~T& AT So<-*/z 

/?AO/A7/oxJ 7 ^ i ' S**'" c/tvse- OA 

p, scorns* T yj . 1*r ?*'*<*" 13 

PfiiMAXu-f Due -ro Je° ~r° Leo “ C £ecrp,T 
4 M,il f Glass -T£^,/'cx^Tun>r. 1M/J Ae-aoen 

I At ft H-CAT A'a£> 1/> 7 *6 71 r p/^/^iesvT 

UsMetevn"* 7HoS<r usej> "u 7*f 

yjfsr, J> Ji*** -* /»**<*■-», 

Fusht nu 4 Fly/f/i- So.t 

Dvj>e* s> 6ue£tt 0 aa,«s* AT Rw*' 
i?tr u pj /Sen/?/) & Li~ 

rf&A T (2flQ If* TL~ £> 

walls <T £t*ss fS UN T&tfL r 

$Pi Tf 0 /)M6>£rAJ 7 &oCt*A'T /9/ ^ 

A -f s~i> ~ ° Let'll s . 

Su6CtT7>T TH<? /wryT resr /s 
/Ft//j iv / 7 a* /t /r^-e <><-» (o/t JbvsLt? 

o/t ALv „, u ,ie* AA^ic THAT MAS *er* 

, N Mfifip use - this ee,TH 

ft/ex/ fttw/viifi Ffi&HiC / ALSO a 

fiuee uih,ts f£ /3e ' C ' f „^,t 

7£eac-i/F a” * Put* ^Txat e** 


$00 ' i . /i ' *' U 

^yC-DM rv£ A CcCN/>* T 


Be 


fctpT n/H/ 7£ /2y to/ASM'AJC* Uyi^L- 

f £>~L* r e'* r 7St/£ s*' 7*ttr 


* jr AU£<c £- ; ££? 7S a a* 7*t* 

^pp"r6^3Wr Release 2003/04/17 : CIA-RDP75B00285R000400090001-8 

jgfjfij -rfiAhJ /\t-U£uAJi i l- J> FAG*-‘ C ‘ 




Approved For Release 2003/04/17 : CIA-RDP75B00285R00040009000 1 -8 

> COPY / OF ^2 



Approved For Release 2003/04/17 : CIA-RDP75B00285R000400090001-8 


Page i of Pages 


TABLE OF CONTENTS 


PAGE 


List 

of Figures 

ii 

List 

of Graphs 

ii 

List 

of Charts 

iv 

List 

of Tables 

V 

•1.0 

Introduction 

1 

2.0 

Test Program 

3 


2.1 Objective 

3 


2.2 Test Equipment 

3 


2.3 Test Procedure 

2.4 Test Specimens and Test 

6 


Numbers 

8 

3.0 

Calculations 

3.1 Theory and Equations of 

16 


Radiant Heat 

16 


3.2 Example of Calculations 

17 


3.3 Flow Rate Determination 

19 

4.0 

Discussion of Testing Problems 



and Errors 

39 


4.1 Chamber Pressure 

39 


4.2 Ventilation 

4.3 Supply Voltage and Color 

40 


Temperature 

41 


4.4 Reflectivity of Surface 

42 

o 

• 

LO 

Conclusion 

43 

6.0 

Summary and Recommendations 

48 

References 

49 


Chem. L&RP r g ved For Release 2003/04/17 : CIA-RDP75 B0028bKUUU400090001-8 





Approved For Release 2003/04/17 : CIA-RDP75B00285R000400090001-8 


Page ii of 


LIST OF FIGURES 


FIGURE # 

TITLE 

PAGE 

1 

High Altitude Environmental and 
Thermal Evaluation Set Up 

10 

2 

Suit Thigh Cross-Section in Al- 
titude Chamber 

11 

3 

Thigh Section Blow Out 

12 

4 

Construction of Thigh Section 

Tested 

13 

5 

Schematic Drawing of Test Equipment 

14 

6 & 7 

Ozone Titrator, Front and Side View 

15 

8 

End View of Lamp and Thermocouple 
Location 

18 

9 

Coverall Test Specimens After Test 

33 


Chem F ° r Release 2003/04/17 : CIA-RDP75B00285R000400090001 -8 


l’ages 




Approved For Release 2003/04/17 : CIA-RDP75B00285R000400090001-8 


J’age iii of 



LIST OF GRAPHS 


GRAPH #. 

TITLE 

PAGE 

1 

Altitude Vs. Pressure Graph 

21 

2 

Applied Lamp Voltage Vs. IR Color 
Temperature 

23 

3 

Spectral Distribution of Tungsten 
Filament Quartz Lamp for Various 

Color Temperatures 

25 

4 

Spectral Distribution of UV Lamp 

27 

5 

Temperature Vs. Time Graph for Test 
la, 2a, 3a, 4a and 5a 

29 

6 

Temperature Vs . Time Graph for Tests 
lb, 2b, 3b, 4b and 5b 

30 

7 

Temperature Vs. Time Graph for Tests 
lc, 2c, 3c, 4c and 5c 

31 

8 

Temperature Vs. Time Graph for Tests 
Id, 2d, 3d, 4d and 5d 

32 


f j/^prgved For Release 2003/04/17 : CIA-RDP75B0o285R0004OO09uuoi-8 


Pages 




Approved For Release 2003/04/17 : CIA-RDP75B00285R000400090001-8 


Pay;e v 


LIST OF CHARTS 


CHART # 

TITLE 

PAGE 

1 

VAR Reflectance of Reference Be- 
tween 15° and. 80 of Incident 

34 

2 

Total Reflectivity of Standard Al- 
uminized HT-1 (3) and Newly Developed 
Heat Shield Type 2 

34 

3 

Total Specular Reflectance (VAR) 

35 

4 

Attenuated Total Reflectance (ATR) 

35 

5 

VAR Reflection Spectrum of All Test 
Materials Before Environmental Tests 

36 

6 

VAR Reflection Spectrum of All Test 
Materials After Environmental Tests 

36 

7 

VAR High Resolution Reflectivity 
(Single Beam) of Heat Shield Type 2, 
ACS-1440C 

37 

8 

Var High Resolution Reflectivity 
(Double Beam) of Heat Shield Type 2, 
ACS-1440C 

37 


Chem F ° r Release 2003/04/17 : CIA-RDP75B00285R000400090001 -8 





Approved For Release 2003/04/17 : CIA-RDP75B00285R000400090001-8 


of 4 9 Pages 


, . i'. | Ip'J’T . 

I - » ... . *. > j } vj ». . i .i. n . 


Ti. , s re.,oi't i :> f: ii- 
date to o etera i • i ' .* 
t iici pilots u s i ; i p • 
( ? . P . A , ) on tv:'Ic 


r ’ ,v:,i 1 7 undertaken to 

.ne eve i rA protection afforded 

>e . ■ :Ji : i ( ’ ’A I nf 1 c: ?r>n 1- o 


usl;i( ; ' '; e :1 :u: Pilot’s protective Assembly 

. A.; on typical test end training missions. 

;\e ports tnat heat .leak through the P.P.A. from the 
cockpit ambient has neen an 'machine a critical 
level prompted the assignment of this task/' 


The solar radiation available in the operating 
altitudes and . t he percentage of that radiation enter- 
ing the cockpit are suspect id to have an enormous 
eii-eot on thermal balance of the pressure suit and 
consequently on the comfort of the pilot. 

Most solar neat is assumed to be entering through 
the cockpit windows and impinges directly on the 
aluminized surface of the P p A 


The solar radiation 
reflectivity known 
generated directly 
tion can produce as 
the surface of tne 
of tiie mission. To 
P.P.A. consisted of 
cooling ventilation 


experienced consisted of earth's 
as tiie albedo the solar flux 
rrom tiie sun. This solar radia- 
mucit as 2 5 0°F temperature on 
thermal garment within ten minutes 
obviate this phenomenon, tiie 
a thermal garment and a constant 
s v s t e m . 


Until just recently the thermal garment used con- 
sisted _ of 4.2 oz./sq. yd. 1IT-1 "NQMEX" which was 
aluminized and served as tiie heat shield combined 
with a composite as shown on page 13, Fig. 4. 

lie fleet ive values of this material were on the aver- 
age of 70 to 8 G % between 200 and 2500 millimicrons 
wavelength. The emissivity value was approximately 
.2 provided that the fair -was dust free and not ex- 
posed to oxidation. 
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Tnc thermal n;arme:i?: : ahricated from such material 
was highly hear, resistant, physically strong and 
non- flammable . ii vv.ever, because the fabric was 
loosely woven, the reflective i iln was easily dis- 
torted causing flake-off, cracks and consequent 
deficiency in heat balance Jue to reflectivity 
loss. 

.development of new IiT-1 "NOMEX" fabric and alumi- 
num coatings have been in process and performance of 
the new material is reflected in this report. 
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of 4 9 Pages 


2.1 Object: 



This study was undertaken to determine quan- 
titatively the radiant heat flux required to 
develop a surface temperature of 200 to 250°F 
on or near the surface of the suit. The in- 
ternal heating effect of this heat flux was 
also studied under various air-flow conditions 

Notation was made as to the variation in heat- 
ing rates of various simulated skin positions. 
These positions simulated the skin in a loose 
fitting suit or area and where the skin com- 
presses the suit layers such as a bent elbow 
or knee. 


2.2 Test Equipmen t: 

2.2.1 Environmental System: 


The test equipment was set up around 
a Kinney Vacuum Pump, Model #KDTG-3P 
as a core (see Fig. 5). Outside the 
pump chamber the following equipment 
was arranged : 

1. air supply 

2. air regulator 

3 . flow meter 

4 . monometer 

5. needle valve 

6. gas feed through 

7. gas feed through for ozone 
ti trator 

8. ozone titrator 

Inside the chamber the thigh section of 
the suit was located under the IR and UV 
lamps. A cross-section view of the test 
specimen is shown in Fig. 4 along with 
the location of the five (5) thermo- 
couples used. 
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Three thermocouples were located on 
the exterior of the suit section, 
identified as , and "C", 

one each at the right, center and 
extreme left. Two thermocouples were 
located inside the suit section. One 
was attached to the cotton underwear 
material directly under the outside 
center thermocouple, the other was 
attached to a plate moveable on a 
vertical axis in the center of the 
test specimens. 

This plate was essential in the perform- 
ance of the test, for it was this plate 
that represented the skin surface of 
a man wearing the suit. The plate was 
made moveable so that the test could 
be made with a space between skin posi- 
tion and underwear material, represent- 
ing the suit over a loose fitting por- 
tion of the body. The plate was then 
moved up to the insulating materials 
as required to assimulate actual con- 
ditions. This position represented the 
skin pressing against the insulation on 
an area such as a bent elbow or knee. 

The two inside thermocouples' leads were 
fed out of the chamber through the ex- 
haust feed through. The three outside 
thermocouples left the chamber by way 
of a special thermocouple feed through. 
Outside the chamber, the thermocouple 
wires were connected through a switch"" 
box to a "Varian" temperature recorder, 
(see Fig. 1) 

2.2.2 Ozone Titrator : 

The OREC manual ozone instrument was 
used to determine the percentage of 
ozone available within the high al- 
titude chamber during the test. 
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The OREC ozone measurement instrument, 
as shown in Fiqs. 6 and 7, was used 
throughout the test program. The in- 
strument employed for this measurement 
of ozone was based on a chemical titra- 
tion principle. The concept of measure- 
ment was based on the quantitative re- 
lease of Iodine (I?) from buffered 
aqueous solution of potassium iodide 
(KI) according to the reaction: 

0-, + 2KI + H 2 0 -> 0 ? + I ? + 2KOH 


A very low voltage was impressed across 
a set of platinum electrodes which was 
inserted in the aqueous solution. 

In the presence of Iodine the current 
will flow according to the electrodes 
increasing the value as the concentration 
of Iodine increases. This instrument 
contains a microammeter to indicate the 
current flow. 

2.2.3 Spectrophotometer : 

In order to analyze the reflectivity 
value of aluminized reflective material, 
the Beckman IR4 Spectrophotometer was 
used for this purpose. 

This instrument is modified with track- 
ing accurace control (TAC) comparable 
to the IR7 Spectrophotometer and is 
equipped with the VAR and ATR reflecto- 
meter attachment. 

The instrument operates in single and 
double beam with a monocromatic double 
50 cm. focal length, slit 25 high with 
bilateral from 0 to 3 mm. and a chart 
linear intransmittance and wavelengths. 
The monocrometer and reflectance lense 
are all of sodium chloride (NaCl) and 
equipped with interchangeable prisms 
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within an accurate wavelength from 2 
Co 1 . j nicrons . The wavelength re — 

1 i activity is equal to . 005 microns 
and has a resolving power of .01 to 
10 microns. The wavelength skill 
expansion in in. /microns are within 
•ij 0.3, 1, i,6, 2.0, 2.5, 4.0, 5.0 
• end 1J. 


Tocedure : 


• 0.1 r.nvironmen t a 1 Test Procedure; 



The chamber was first pump 
3,000 microns and all temp 
recorded. The air flow wa 
and the temperature again 
The lamps were then turned 
temperature readings taken 
(2) minutes for a 30 minut 
tion. Power consumption o 
flow rate and chamber pres 
also checked and recorded < 
(2) minutes. 


>ed down to 
'eratures were 
.s regulated 
recorded . 
on and 
every two 
e test dura- 
f the lamps, 
sure were 
every two 


During a typical test the concentration 
oi ozone in the chamber generated from 
the UV lamp was measured. The measure- 
ment was made with an OREC, Model MSA-2 
Manual Ozone Titration Apparatus. This 
ozone was generated from water and oxygen 
present from offgassing and system leaks. 
In the presence of the UV lamp, ozone 
was generated according to the chemical 
equat ion : 


6 i 1 p 0 + 


of 4'.;i Pa^es 


2*3.2 Determination of Reflectivity: 

All materials described in this report 
ol reflective nature and used as exterior 
coverall were evaluated initially and 
after exposure to the environment to establish 
the reflectivity value or the percentage 
of degradation. 
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First of all the instrument was bal- 
anced with the reference aluminum 
mirror with a setting of high resolu- 
tion and tested to determine the effect 
of angular impingment as shown on 
Char t 1 . 

The second such test was conducted us- 
ing the ATR attachment which consisted 
of sodium chloride prism. (see 
Chart 4) 

It was established in the initial environ- 
ment that the most frequent and effcient 
solar impingment occurred at 45°, there- 
fore, throughout the test this angle 
was used. 

Several single beam reflectance measure- 
ments were made to establish resolutions 
at the maximum energy available for mat- 
erials which were not of the best re- 
flective surface. (see Chart 7) 

The samples were taken from the most 
directly exposed areas which were located 
directly under the solar lamp and thermo- 
couple "A" as shown in Fig. 5. 

No special attention was given in pre- 
paration of samples for the reflectivity 
study, such as surface cleaning or de- 
contamination. This was purposely done 
to obtain realistic data which would be 
experienced in practical use. 


Pay;es 
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2.4 Test 

Specimens and Test Numbers: 

TEST NUMBERS 

MATERIALS TESTED AND CONDITIONS 

la 

Standard aluminized HT materials, 3M stan- 
dard process scotch shield - low flow rate 
and uncompressed composite. 

lb 

Same as la only with high flow rate. 

lc 

Same material as la with low flow and com- 
pressed composite. 

Id 

Same material as la with high flow and 
compressed composite. 

2a 

DC Heat Shield Type 3, ACS-1440C with B 
film. First high temperature cure system, 
low flow rate and uncompressed composite. 

2b 

Same material as 2a with high flow rate 
and uncompressed composite. 

2c 

Same material as 2a with low flow rate 
and compressed composite. 

2d 

Same material as 2a with high flow rate 
and compressed composite. 

3a 

3M Scotch Shield, stiff material over dacron 
and wool insulation - low flow rate and 
uncompressed composite. 

3b 

Same material as 3a with high flow and un- 
compressed composite. 

3c 

Same material as 3a with low flow and 
compressed composite. 

3d 

Same material as 3a with high flow and 
compressed composite. 
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TEST NUMBERS 

MATERIALS TESTED AND CONDITIONS 

4a 


Stern & Stern 6 oz. HT fabric over com- 
posite of 2a - low flow rate and uncom- 
pressed composite. 

4b 


Same material as 4a with high flow rate 
and uncompressed composite. 

4c 


Same material as 4a with low flow rate 
and compressed composite. 

4d 


Same material as 4a with high flow rate 
and compressed composite. 

5a 


Stern & Stern 6oz. HT fabric over dacron 
and wool insulation - low flow rate and 
uncompressed composite. 

5b 


Same material as 5a with high flow rate 
and uncompressed composite. 

5c 


Same material as 5a with low flow rate 
and compressed composite. 

5d 


Same material as 5a with high flow rate 
and compressed composite. 

NOTE: 

The materials listed in the above tests are in 
addition to one layer of HT link net, one layer 
of bladder material, one layer of sage green 
oxford nylon and one layer of cotton underwear 
material. (see Fig. 4) 


Chem. Al&ftroBed For Release 2003/04/17 : CIA-RDP75B00285R000400090001-8 





Approved For Release 2003/04/17 : CIA-RDP75B00285R000400090001-8 


i i 4'f 




r ICLKI. * -! 

High altitude environmental and thermal evaluation 
set up for suit thigh cross section. 
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FIGURE #3 

Blow out of suit thigh cross section after the 
first phase of environmental testing. 
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FRONT VIEW FIOURb #b 



OZONE TITRATQR ATTACHED TO 
ALTITUDE CHAMBER 


FIGURE #7 

SIDE VIEW 



Chem. A BfttP'® d For Release 2003/04/17 : CIA-RDP75B00285R000400090001-8 



Approved For Release 2003/04/17 : CIA-RDP75B00285R000400090001-8 


3.0 


Chem 


Page 16 of 4 9 


CALCULATIONS : 


3 . 1 Theory and E quations for Calculations of 
Radiant Energ y from 1R Lamp : • 

The energy radiated from the IR source is dir- 
ectly proportional to the absolute temperature 
of the filament. It can be found by the use 
of the Stef an-Boltzmann Law: 


1 . 


W = co T 4 


WHERE : W 

£ 

0 

T 


= radiated energy in watts/cm. 2 source 
= emissivity of the radiator 
= Stef an-Boltzmann Constant = 

5.673 X 10 -12 watts/ ( cm 2 ) (deg. 4 ) 

= temperature in degrees Kelvin 


The principle wavelength can be calculated from 
Wien's Displacement Law which is derived from 
the derivative of Planck's Law solved for a 
maximum. Wein's Displacement Law is: 


WHERE: A = wavelength in microns where W 

m 2 

is a maximum 

K = constant 2897°K micron (see Graph 3) 

Substitution of Wein's Displacement in Planck's 
Law yeilds a simplified equation for finding 
the power given at the principle wavelength 


3 . WX = 1.3T 5 X 10 1 5 

m 
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3 . 2 Example of Calculat ions : 

If the applied voltage to the lamp was 77 volts, 
the color temperature would be approximately 
2250°K, as shown on Graph 2, and the real temp- 
erature would be 2200°K. At this temperature, 
the total eraissivity of Tungsten is 0.279. The 
radiating surface area of the lamp is 6.5 cm. 2 
Therefore, to find the total radiated energy 
apply the Stef an-Boltzmann Law: 


4. 


,“12 


W = EOT 4 

W = .279 X 5.673 X 10 

W = 37.08 watts/crir or for 

6.5 cm 2 of source area 
W = 45.74 watt s X 6.5 cm 
cm 2 


X 2200 


total 
2 - 241 


watts 


From Tungsten's Spectral Distribution graph on 
page 24, Table V, it can be seen that 156.5 
watts are emitted at the peak of radiation wave- 
length of 1.25 microns. 

Of the approximately 241 watts of energy emitted, 
only a certain portion comprised the heat flux 
incident at the thermocouple location under study, 
This heat flux, " J" , can be determined by the 
following equation: 


J = 


e 


360 


1 

d‘ 


X 


w 


WHERE : d 

6 


distance in cm. from temperature 
to specimen 

angle formed by incident rays from 
lamps which include total specimens 
which are under study. (see Fig. 8 
on page 18) 
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Although this figure was derived from an original 
data reading of 77 volts, the final heat flux, 

"J", could bo used for approximate value of 76- 
78 volts. This is due to the approximation and 
extrapulation made as discussed on page 41. 

3.3 Flow Rate D etermination; 

Flow rates were determined by volume ratio. That 
is, the volume of the suit section used was ap- 
proximately 0.395 ft.- as compared to an _ approxi- 
mate air volume of a suit with a man in it equal 
to 1.83 ft. j . The minimum and maximum flow rates 
for the suit was 8 to 18 scfm respectively. These 
flow rates were reduced to 1.732 & 3.88 scfm by 
direct ratio for the suit section tested. However, 
with the equipment used, the lowest flow rate 
that could be maintained was 2.7 scfm and this 
was the value used as the low flow rate. 

(see Tables I and II) 

(Test Flow Rate) = 0.216 (Suit Flow Rate) 


TABLE I 

CONVER SION TAB LE O F FLOWS IN SCFM 
High flow 18 scfm suit flow = 3.88 scfm test flow rate 

Low flow 8 scfm suit flow = 1.73 scfm test flow rate 

Low flow used 12.5 scfm = 2.7 scfm test flow rate 

TABLE II 

CONVERSION TABLE OF FLOWS IN LBS/MIN 


Test Specimen: 




FLOW RATE 

PRESSURE 

STATIC VOL. 

FLOW IN : 

SCFM 

IN Hg 

@ 65°F 


2 . 7 

5.3 

.033 

.223 

3.88 

20.3 

.047 

.454 

Equivalent in 

Actual Suit: 



12 . 5 

0.509 

.130 

.568 

18.0 

3 . 05 

.161 

1.583 
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TABLE III 


ALTITUDE AND RELATED PRESSURE 


ALTITUDE IN FEET 


PRESSURE IN MICRONS 
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ALTITUDE VS. PRESSURE 


Altitude in 
feet X 1000 


100 


90 


80 


70 


60 


50 


40 




PRESSURE IN MICRONS 
X 10 


30 

25 


24 23 22 21 20 


A^' 
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TAIVLE IV 

LAMP VOLTAGE VS . COLOR TEMPERAT URE 


VOLTAGE 


COLOR TEMP . °F 


COLOR TEMP. K 


15 

1840 

127 7 

20 

2165 

1458 

25 

2400 

1588 

30 

2570 

1683 

35 

2800 

1811 

40 

2955 

1897 

45 

3100 

1977 

50 

3200 

2033 

55 

3290* 

2083 

60 

3380* 

2133 

65 

3460* 

2177 

70 

3525* 

2213 

75 

3575* 

2241 

80 

3610* 

2261 

85 

3648* 

2280 

90 

3668* 

2293 


* Indicates extrapulated values 
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APPLIED LAMP VOLTAGE 
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TAKT.E V 


PROPERTIES OF TUNGSTEN 


m 

COLOR TEMP. 

ACTUAL 

TOTAL 

PEAK 

PEAK 

TOTAL EMITTED 


°K 

TEMP °K 

EMI SS IV I T Y 

ENERGY 

WAVELENGTH 

ENERGY W 





■/] A 

X 


- 

2030 

2000 

0 .260 

10 .92 

1.448 

23.66 


2135 

2100 

0.270 

14.31 

1.37 

29.97 


2240 

2200 

0.279 

18.69 

1.316 

37.39 

*• 

2345 

2300 

0 . 288 

24.18 

1.259 

45.94 


2450 

2400 

0.296 

30.49 

1.207 

55.65 


2555 

2500 

0.3 03 

38.18 

1.159 

67 . 27 


W = 


X = 


eoT 


watts/cm 2 source, Stef an-Boltzmann Law 


K wavelengths in microns, Wein's Displacement 

— Law showing peak radiation wavelengths 


W 


£ C 1 


'( e c ?/ X T -l) 


watts/cm 2 source - Planck's Law 
showing energy emitted at peak 
radiation wavelength 


In the above equation: 


K = 

c. = 

c A = 

2 


28 97 p deg. 

3.7402 X 10 2 watts cm 2 
1.4385 cm. deg. 
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TAUIiE Vi 


WAVE 

S! 

PECTRAL_ 

DISTRIBUTION OF ULTRA 

LENGTH 

BAND y 

LAMP 

PRINCIPLE LINES 


.22 - 

.23 



.23 - 

.24 

— 

FAR 

.24 - 

.25 

_ 

UV 

.25 - 

. 26 

. 2537 


.26 - 

.27 

. 2652 


.27 - 

.28 



.28 - 

.29 

. 2804 

MIDDLE 

.29 - 

.30 

. 29 67 

UV 

.30 - 

.31 

.3022 


.31 - 

.32 

.3131 


.32 - 

.33 

_ 


.33 - 

.34 

— 


.34 - 

.35 

— 

NEAR 

.35 - 

.36 

— 

UV 

.36 - 

.37 

.3654 


.37 - 

.38 



.38 - 

.39 



.40 - 

.41 

.4047 


.41 - 

.43 

— 


.43 - 

.44 

. 4358 


.44 - 

.54 



.54 - 

.55 

.5461 


.55 - 

.57 



.57 - 

.58 

. 5780 


.58 - 

.76 

— 


WATTS OF R ADIANT 
ENERGY 


TOTAL 


TOTAL 


TOTAL 


.45 
. 55 
.20 
.00 
.99 
.37 


7 .65 

1.82 

1.28 

2.28 

4.43 

9781 

.28 

.61 

.16 

.21 

7.05 
.20 
. 28 

8779 

1.74 

.26 

4.18 

0.64 

4.65 

0.29 

5.05 
1.09 


17 .90 
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TABLE OF RESULTS 


TEST CONDITIONS 

la 

lb 

lc 

Id 

2a 

2b 

2c 

2d 

3a 

3b 

3c 

3d 

4a 

4b 

4c 

4d 

5a 

5b 

5c 

5d 

Test flow rate, scfm 

2.7 

3.88 

2.7 

3.88 

2.7 

3.88 

2.7 

3.88 

2.7 

3.88 

2,7 

3.88-* 

^2.7 

3.88 

2.7 

3.88 

2.7 

3.88 

2.7 

3.88 

Corresponding suit flow 
rate, scfm 

12.5 

18 

12.5 

18 

12.5 

18 

12.5 

E 

12.5 

18 

12.5 

18 

12.5 

18 

12.5 

18 

12.5 

18 

12.5 

18 

Back pressure, in. Hg 

5.3 

20.3 

5.3 

20.3 

5.3 

20.3 

5.3 

20.3 

5.3 

20.3 

5.3 

20.3 

5.3 

20.3 

5.3 

20.3 

5.3 

20.3 

5.3 

20.3 

Ventilation entrance 
temp. °F 

65 

64 

65 

68 

70 

68 

61 

68 

55 

72 

65 

73 

65 

72 

70 

75 

72 

72 

74 

70 

Exhaust temp. °F 

89 

80 

88 

76 

9l 

77 

83 

75 

80 

78 

89 

84 

90 

84 

86 

85 

100 

81 

99 

86 

Ozone concentration, 

pphm 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

Skin-underwear gap, in. 

1/8 

1/8 

0 

0 

1/8 

1/8 

0 

0 

1/8 

1/8 

0 

0 

1/8 

1/8 

0 

0 

1/8 

1/8 

0 

0 

Approx, compression 
gii/cm 2 

N/A 

N/A 

30 

30 

N/A 

N/A 

30 

30 

N/A 

N/A 

30 

30 

N/A 

N/A 

30 

30 

N/A 

N/A 

30 

30 

Final temp, of under- 
wear liner, °F 

200 

149 

140 

125 

180 

75 

138 

123 

123 

85 

145 

129 

162 

142 

152 

130 

122 

101 

190 

161 

Initial voltage 

82 

85 

84.5 

90 

83 

88 

82 

84 

90 

88 

86 

84.5 

82 

83 

80 

79 

83.5 

89.5 

80 

89 

Final average voltage 

81 

86 

79 

83 

85 

93 

82 

83 

85 

82.5 

82 

84 

79 

78 

78 

79 

84 

79.5 

81 

81 

Surface reflectivity % 

@ 1 micron 

57.3 

57.3 

57.3 

57.3 

67.7 

67.7 

67.7 

67.7 

59.4 

59.4 

59.4 

59.4 

52.6 

52.6 

52.6 

52.6 

52.6 

52.6 

52.6 

52.6 

Final heat flux, 
watt/cm 2 

.0293 

.0301 

.0288 

.0298 

.0301 

.0309 

.0293 

.0298 

.0301 

.0293 

.0293 

.0298 

.0288 

.0277 

.0277 

.0288 

.0298 

.0288 

.0293 

.0293 

Total test time, min. 

34 

34 

26 

32 

34 

40 

36 

34 

34 

34 

34 

34 

34 

30 

34 

34 

34 

34 

34 

34 

Time required to reach 
200°F 

9 

16 

9 

7 

22 

32 

18 

8 

9 

5 

6 

7 

4 

3 

3 

3 

3 

3 

3 

3 

Time for which surface 
temp, exceeded 200°F 

25 

18 

17 

25 

12 

8 

18 

24 

25 

29 

28 

27 

30 

27 

31 

31 

31 

31 

31 

31 

Final surface temp. °F 

247 

227 

233 

238 

217 

212 

233 

236 

242 

230 

252 

240 

255 

255+ 

255+ 

255+ 

255+ 

255+ 

255+ 

255+ 

Final skin temp. °F 

95 

78 

96 

81 

100 

74 

100 

90 

94 

78 

104 

90 

111 

93 

117 

95 

115 

96 

127 

90 

Final temp, gradiant 

152 

149 

137 

157 

117 

138 

133 

146 

158 

152 

148 

150 

144 

162 

138 

160 

140 

159 

128 

155 
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Temderature in °F 

looj 
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T I ME V S . TEMPERATURE GRAPH 

Skin temperature vs. time for 
uncompressed condition at high 
flow ventilation. 
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Sk • n temperature vs. time for 
( 7 mipi es sed condition at high 
i ] (_,w ventilation. 
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FIGURE # 9 


COVERALL TEST SPECIMEN S AFTER THE TEST 

#1 - Standard 3M process Scotch Shield 
#2 - 3M laminated process (stiff) 

#3 - DC Heat Shield Type 2, ACS-1440C 
#4-6 ounce HT - not aluminized 


NOTE: The picture relates to description only 

and not to numbers of specimens. 
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__ CHART #1 

VAR 100% Reflectance of Reference Mirror Between 
15° and 80° of Incident 




tin 

■UiSStiliflUPg 

Bp ii 

fijpapj 


Igi 

iliHiiimiii 


■ IMIHEfj 
IBHItt 

iiPiifilHiilliiii 


URfl 


ilftl 8 ?!!: 5 




■if MIC 
•mntmi 

iiial 


ilill- - 

pnil . 


WAmmOTH >N MltBOM* 


i 111111111*1 
Willji.IIlHffl 
Bjiirmhiii 

I! wm 


Milllil! 


II 


inmi 


CHART #2 

Total Reflectivity of Standard Aluminized HT-1 (3) 
and Newly Developed Heat Shield Type 2 
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I l t l H U 


CHART ti 

Total specular reflectance (VAR) showing at bottom: 

1. Line 1 - 100% reference line 

2 . Line 2 - new DC aluminized IIT process ACS-1440C 

3 . Line 3 ~ HT aluminized 3M process before high 

altitude thermal study phase I 

4. Line 4 - same as line 3 except after thermal 

study phase 1 





HrOtNCIluu v 

«*wn *** 


Attenuated total reflectance (ATR) 

1. Line 1 - 100% reference line 

2. Line 2 - standard 3M process before thermal 

environmental exposure 

3 . Line 3 - same as line 2 except after environ- 

mental exposure 
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VAR Reflection Spectrum of all Test Materials 
After Environmental Tests 
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TOTAL ENERGY REFLECTANCE FOR OHIGINAL HEAT SHIELD TYPE 3 


i BAND IN y 

% OF TOTAL INCIDENT 

AVERAGE % REFLECTANCE OF 

BAND 

% OF TOTAL INCIDENT ENERGY 

REFLECTED 


ENERGY CONTAINED 
‘IN BAND 

DC 

ORIGINAL 

DC 

EXPOSED 

3M 

ORIGINAL 

3M 

EXPOSED 

DC 

ORIGINAL 

DC 

EXPOSED 

3M 

ORIGINAL 

3M 

EXPOSED 

1.0-1. 5 

20.67 

73 

0 

58 

0 

15.09 

0 

11.99 

0 

1. 5-2.0 

20.89 

60 

0 

47.5 

0 

12.53 

0 

9.92 

0 

2. 0-2. 5 

15.18 

44 

5 

25 

.05 

6.68 

.75 

3.80 

.01 

2. 5-3.0 

10.50 

37 

8 

11.5 

.05 

3.88 

.84 

1.21 

.01 

3. 0-3. 5 

6.92 

38.5 

8.5 

10 

.05 

2.66 

.58 

.69 

< .01 

3. 5-4.0 

4.91 

40 

9.0 

11.5 

.05 

1.96 

.44 

.56 

< .01 

4. 0-4.5 

3.37 

42 

9.0 

12.5 

.05 

1.42 

.30 

.42 

< .01 

4. 5-5.0 

2.42 

42 

9.5 

13 

.05 

1.02 

.23 

.31 

< .01 

5. 0-5. 5 

1.76 

44 

9.5 

12.5 

.05 

0.77 

.17 

.22 

< .01 

5. 5-6.0 

1.32 

44.5 

9.5 

13.5 

.05 

0.59 

.13 

.18 

< .01 

6.0-6. 5 

1.00 

44.5 

9.5 

14.5 

.05 

0.45 

.10 

•15 

< .01 

6. 5-7.0 

0.78 

45.5 

10.5 

14.5 

.05 

0.35 

.08 

.11 

< .01 

7. 0-7. 5 

0.61 

47 

11 

13 

.05 

0.29 

.07 

.08 

< .01 

7. 5-8.0 

0.48 

46.5 

11 

12.5 

.05 

0.22 

.05 

.06 

< .01 

8. 0-8. 5 

0.39 

46.5 

12 

13 

.05 

0.14 

.05 

.05 

< .01 

8. 5-9.0 

0.31 

48.5 

12 

13 

.05 

0.15 

.04 

.04 

< .01 

9.0-9. 5 

0.26 

49 . 

12 

13 

.05 

0.13 

.03 

.03 

< .01 

9.5-10.0 

0.22 

50.5 

12.5 

12.5 

.05 

0.11 

.03 

.03 

<< .01 


TOTAL 91.99 





48.44 

3.89 

29.85 

0 . 1 (approx 

Calculated 

presented 

reflectance from spectrum charts 
in this table was accomplished as 

and data 
follows: 


(A - 
1 

A ) as 

2 

analyzed spectrum 





R - R 

0 A 

X 100 = a 



WHERE: 

A 

/ e W dA 

9 A 2 

A 

/ 1 w 

dA 

i 









n 9 A i 



R 

0 
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Chera. 


I’affo . ■ of 


I’atios 


use j:.u ioa o! 


Lav-.j iVes. 


■ > 


^ ..-)CL - ir-eu aor 

, LaU .ipii'il 

o- U 1 Li c r rfjj-i;* c - •- 1 : 
.'ilCSe U x C p : ‘ 

•••..it!: their cause , jrol>«t i c eLiael^ aia . m-- t 
rti.'-idy are i i s tec ooiOv. : 


: n : he test • • u ... .. : ; •• i 

L . - i a ^ * i - • — ■ - - - • ‘ 

errors were irmerea, an L»i 
*• ; ; ;- t , i rora true etr si i i 
; iridl renoi t«-. s result -> 


i r • a - 


uiaiare i 


r 


-J ;10 v enuKUJtir UaC'i to si i! .uiulO l SiC 

altitude treasure mu tr.e chamber ■ ^ 
vacua: ' at: ter. .or thi • test, tne - Illusion 
■'ump was,' closed oi i from tne system and only s the 
mechanical . jt, was used. The chamber amsure 
was measure . vu a tnermocoupie gape . ,iO all 
tract I. ai ex tea, , tee chamber pressure was not 
control ie-.: accurately curing tne test . hormallj 
control would ue ac. sieved through tne use or 


very tine neeule valves. however, in tne . tests 
•verfomed litre were too many variables present.^ 
Variables existeu such- as trapped water vapor., 
off-ra^sim’ ; dilferent sample leak rates ,or 
each material, 1 low rate and temperature tested . 
Precise control or chancer pressure under ,heso 
conditions would nave .added many Hours or per-_ 
haps days to each test performed in the program 
which was already surpassing its time deadline. 


"hero tore, tne 
system was the 
from 


•/radical low pressure of the 


..-.resaure that was 
test to test. 


u: 


ed even though 


This pressure change caused a variation m the 
simulated altitude. The pressure varied from 
500 to 5 , UUG microns. These pressures represent 


. titud-. 


roin approximately 110,000 to 165,000 
eet while the Lest requirements were 25,000 to 
.00,000 feet. (see Graph 1 and Table 111) 
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4 . 2 Ventilat ion: 

Ventilation was controlled in the test by a needle 
valve and measured by a flow meter. The flow meter 
used was calibrated from 2.5 to 17 scfm @70 ps.ig 
air. Therefore, the low ventilation rates of 
1.73 scfm corresponding to a suit flow rate of 8 
scfm could not be run. (see Tables I and II) 

Due to high back pressure developed at the higher 
flow rates greater than 3.88 scfm (18 scfm 
suit flow equivalent) were not used. At this 
flow rate the back pressure was 20.3 in. Hg 
(9.97 psi) . The large back pressure was caused 
by a small diameter or if ace and piping used. 

These diameters were limited by the size of the 
chamber and samples. 

Other variables in ventilation which could cause 
apparent discrepancies in result data include; 
different temperatures of entrance gas and tem- 
porary interruption in ventilation gas. The 
temperature of the ventilation gas was dependent 
upon the immediate history of the gas storage 
tank. This is, if the tank was just delivered 
or the test made early in the morning, the gas _ 
could be quite cool, but if the test was made in 
the afternoon, the gas would be warmer. Tempera- 
ture variation should be eliminated by the use 
of a constant temperature gas warmer. Tempera- 
ture differences of up to 20°F were noted. A_ 
constant temperature gas warmer was not used in 
this test because it was felt that the advantages 
did not outweigh the loss in time that would 
occur from acquiring and installation of such a 
unit into the system. (see Table VII) 

The interruption of gas flow was caused by the 
changing of empty compressed air tanks. This 
could be eliminated by using supply tanks con- 
nected with a "Y" connection to the system. 

(This type of set up would also be required for 
higher flow rate testers.) 
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4 . 3 Supply Vol cag e and color Temperature: 

The supply voLtage to the IR lamp had a tendency 
to vary. This variation could cause an incorrect 
average voltage reading. It was from this aver- 
age voltage reading that the color temperature 
and, therefore, the heat flux was calculated. 

An error of 3 volts in the average Q voltage would 
cause an error of approximately 10 K in color 
temperature . 

Heat flux is dependent upon the forth power of^ 
the color temperature. Therefore, a considerable 
change in heat flux would be realized by a small 
error in voltage reading. The variation of the 
voltage itself could not be overcome, as it was 
caused by the equipment, used in the electrical 
circuit. The only method of overcoming this 
problem would be the use of a recording volt- 
meter. With this type of instrument, many more 
voltage readings could be used to obtain the av- 
erage voltage. This would eliminate the use of 
SGVS3T3.1 instantaneous iTBciciings • 

To determine the temperature, data for the volt 
age vs. color temperature graph, an optical pyro- 
meter was used. This pyrometer had an upger 
range limit of approximately 3200 F (1983 K). 

This limit was reached at approximately 50 volts. 
Because the lamp was run at higher voltage, 
further values had to be extrapulated from the 
lower values. These extrapulated values could 
lead to fairly high errors in heat flux. This 
area should be further studied through the use 
of a higher range pyrometer. 
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4 . 4 Ref lect iv i t y ot Surf ace : 

As shown by tne results of this test, uhe re _ . . 

f lectivity of the surface is very important in 
relation to the amount of heat traveling into _ 
the test specimen. In the test performed for 
this report, one sample of each material was 
used for all tests performed on that material. 

After each test was completed, the surface had 
degraded to some extent, some material more than 
others. This degradation in the surface re- 
flectivity caused a larger amount of heat ab- 
sorption in t^ie later tests on a material than 
on the prior tests. This resulted in higher 
exterior and interior temperatures than would 
otherwise be experienced. The estimated in- 
ternal temperature effect would be 2-5 F. 

These changes in reflectivity can be noted on 
the Charts on pages 34-37. 

The reflectivity of the various materials was 
measured on a Beckman IR4 Spectrophotometer.. 

This instrument recorded the reflectivity from 
2 to approximately 15 microns. However, the 
most important wavelength emitted by the lamp 
was the wavelength band at which the peak energy 
was emitted.. This band was between 1.1 and 1.5 
microns. Therefore, it is obvious that the 
reflectivity in the UV and visible NIR spectrums 
remain unknown to us. 
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CONCLUSION : 


"the t'K o' rhe analysis presenter in 

this report , it Is obvious that most of the discom- 
fort experienced bv the pilots traveling at high 
velocity was due >. o the rauiational heat. Although 
the cockpit area is constantly pressurized and vented 
to provide the required comfort within the cockpit , 
the pilots wearing the P.P.A. continue to experience 
unbearable heat leak througn the thermal garment. 


It is evident from the test data that the heat leak 
was concentrated in the areas under compression and 
tension or direct contact of materials with the skin. 
The areas most vulnerable to immediate heat penetra- 
tion would be the shoulders, elbows, hands, Knees and 
possibly the chest if compressed by a parachute har- 
ness or other hardware. 


This phenomenon of heat leak into tneP.P.A. is be- 
lieved to be primarily due to direct impingment of 
the solar flux from tne P.P.A. and indirect reflection 
from the instrument panels or other grey bodies. 


As shown 
15 °F can 
garment 
surf ace . 


in the summary data on page 28, as much t as 
be emitted if the surface of the aluminized 
is new, dust free, and of high reflectivity 


Material in service prior to the introduction of the 
new ACS-1440C aluminized "NOMEX" reflects the reasons 
for experienced heat leak. 
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This material h.-v- ie; x,n..:s.rat u _cw re flect ivity 
value (see Chan ) when it was unused . 

After subjecting ■ ■; ' r . Lai in tiie form >e a 

composite in iu;., u I . i e ■u..i3.i;6r, it was 
apjarent that A. ; : no e ; -lur rise of the skin 
is extremely r : ! r An ■ standard ventilation (S 
sc fn. ) . 

iiinn ventilation, nowevaj (see Graph 8) has helped 
to reduce the - » tonpe ruturu slightly p movie iny 

that the mater La : a , net in direct contact with the 
skin. Comoro sue i mu ter i ■< 1 ihs shown very of innt or 
no change at ail m ve- ■ ,-rriture by increasing the 
ventilation. An A v mA„ inti icates that this is real- 
istic because A tAiCu.-a ventilation has been increased, 
verv slightly, more nr; low was observed in the com- 
pressed areas. 

In evaluating various »*e f lectivity surfaces of al- 
uminized thermal nirments, it was evident that cur- 
rently developed dT-l aluminized fabric was substan- 
tial improvement .in ealssivitv and reflectivity, 

( see Table VIII ) 

The accurate value i: A rv Lectivity and emissivity 
could not be determiner o: r.'ne new heat shield type , 
because of Spec t ropfotone ler limitations. The pre- 
sent spectropiio too ■> (. = ■;■ aucurMte range is from 2 to 
14 microns and in • -rear to establish accurate data 
and calculatin'* tool collective or emissive ' effici- 
ency, additional ranee :>e tween 2 00 and 2500 milli- 
mic ron sis re 3 u ire ■ : . 


The results of I. -.A. simulation test, however, 
have substantiate'' (see 7a lie VII) that the new Heat 
Shield Type ACA-1 ws Ad is improved thermal 1 irrier 
due to higher sur: ace reflectivity of the thermal 
garment (see A rapn 5) . This can be seen by review- 
in- the data on hrupn •; which indicates that not only 
trie T was lucner nut darm ’• the test it was nec- 
essary to increase the ow«r to the solar lamp in 
order to maintain she suri ace temperature between 
20 0 and 2 5 0° 7 , 
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Tne altitude d ir 
not been precise 
file , namely ; ' 
developed in tor- 
plained in "Dive 

However, the pres.. ure va.: maintained between 500 and 
5,000 microns which .* .. e .uivilent to the altitude of 
110,000' to 165, Uo vet. This we believe has not 
changed or ef 1 ect >•••• the :ata that could be considered 
unrealistic. t is t: ue tii.it the high altitude utiliz- 
ed has effected tie rack pressure and consequently, the 
heat transfer, however, i similar situation would be 
experienced when the • is worn by the pilot in a 

sitting position. throughout the testing, the surface 
temperature of two l hemal -arment was maintained at 
200 to 2 50°F. The; accomplished with a .03, cal/ 

enw sec, equivalent tc the solar flux spectrum 'distri- 
bution which is Lr- tween .2 and 15 microns. (see Graph 3). 

In evaluation of a imulated P.P.A, and the environ- 
ment, the solar flux wuected was based on information 
available indicatin' that the test programs and actual 
flights were experiencing tne 200 to 250°F garment 
surface temperature. (see Table VII) 


-b 1 . 1 i a test was conducted has 
t. no range of the test oro- 
• , i .! 0 feet because of leaks 
1 ir es and other reasons' ex- 

Testinp Problems and Errors", 


First of all in comparing the aluminized surface effect 
on skin temperature, i+ could be said that the Heat 
■ Shield Type 2, AC! - 1 44 .id was the best, (see Graph 7) 

The added insulation of iacron-wool increases the 
thermal balance even more effectively because of inter- 
ference of heat c< nductivitv through space. Mainly, 
as the outside aluminized surface gradually oxidizes 
and decreases in reflect i ve efficiency, the added 
insulation provided tint extra shielding which pre- 
venter] the skin temperature to increase above the 
critical level. inis can be realized by comparing 
the skin temperature of the standard material per the 
same unit time vs. the test specimen. 
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Two additional t..' : • ( sec Graph 5) show that aluminiz* 

ed material covered with plain white HT fabric^in- 
creases the emissjvtty of the material where 15 F 
skin temperature ran bo realized per equal unit of 
time. The aluminized material being covered apparent 
ly serves as a conductor of heat rather than the re 
f lector . 

The elimination of aluminized material and using plain 
HT fabric as outside qarment with added dacron— wool 
insulation doubles the heat leak per the same air 
flow and unit time. (see Table VII) 

Visual examination of materials after the environment- 
al tests indicated various degrees of discoloration, 
oxidation and stiffness. Severe oxidation and flake- 
off was experienced on standard aluminized IIT-1 
sample 1. (see Fig. 9) 

Also, considerable stiffness and oxidation was apparent 
on sample 3 (3M) . The plain HT-1 material used in the 
test as the outside garment slightly stiffened and 
very strongly yellowed. The complete degradation 
effect can be noticed from the VAR spectrum reflect- 
ance charts 5 and 6 using test reflection incident of 
45°. 

Oxidation effect of aluminized surface can partly be 
explained through the following reaction. 

UV 

2AL + 0 3 -> AL ? 0 3 

and due to the air leak into the chamber a small 
amount of ozone was generated as follows: 


UV 

30. > 20 y 
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The ozone was deucLeu only 0 pphm throughout the 
test using titror rt ; as snown on t igs . 6 and / • 
This ozone detect ■ o.i was accompli sued by the follow 
ing reaction: 


1 mol. 0 ■= I mol . — 2 rool. Na^SyO^ 


O, + 2 K 1 + : » - 0 , + I + 2KOH 


I ^ + 2 N a S , O - Na S u 0 + 2NaI 


In comparison to : h altitude environment, it was con- 
cluded' that 6 pphm of ozone used in the test repre- 
sents only one— tn Lru of the expected effect in the 
actual flight or prolong storage. 

In addition to ozone, the UV radiation and vacuum 
environment have effected the material by evaporation 
of lubricants or other components which contribute to 
stiffness and lac^c of adhesion. 
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fi.O SUMMARY AND F.EC u - 


In summarizing, 
f leant degree of A- 
heat ; directly 1 rot 

: . a n established that a signi- 
ert could be . cause u by tne 
p e emitted through the windows. 

Pressure points- etc 
vulnerable ano tnc-u 
tection such as w.t 

; is elbows , knees, etc., are most 

V. bo provided with additional pro- 
lo. kino material. 


The reflective su>. : ice abraded, scuffed or contaminat- 
ed will cause great deficiency m tnermal balance, _ 
therefore, a clean and nost durable aluminized material 
such as Heat Shield Tyne 2 is a prerequisite. 

Flow rate or cooler air is ot relatively little help if 
the above is not Implemented. A plain coverall axone 
or a covering aluminized surface increases emissiyity, 
higher heat conductivity and consequent discomfort, 
thsrcf ors ^ x*t is -iot r'€icorni‘\<2nciG<.i * 

The heat reflection and transmission was not calculat- 
ed or oresentea in bTU/ft^/hr,/°F because the total 
incident enemy in the major wavelengtn regions C . 2 to 
2?5 microns) was not. available,. Ih regions (/ to 15 
microns) of spectrum was interpreted and the data ^ 
is shown on Table VI IT. 


shortcomings experienced which were 


In view of the ^ - ■ 

due to time allowed and not enough available equip- 
ment, it is propose-.- to im.pl me nt continuation o _ 
this program which would allow tne development of a 
new anti-block inr. material and complete thermal 


study o 


the 
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